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34,6 62/n 

reliable electrical connection because the existing state 
of the art permitted little more than an empirical forma- 
tion and arrangement of the^ teeth or piercing members upon 
the conductor engaging means, wherein either insufficient 



engagement was provided to assure an adequate electrical 
connection, or too great a penetration occurred, which 
tended to at least partially sever the conductor, result- 
ing in both mechanical failure of the connection and over- 
heating of the joint. Additionally, insufficient consider- 
ation was generally given to the use of such devices in 
conjunction with both solid and stranded conductors, and 
the differing .problems associated therewith with respect 
to fracture resistance, optimum depth of penetration, and 
optimum contact area. 

SUMMARY OF THE INVENTION ; . , - , -J-. . f y. 

: ' zfvdncaj canned te*\ wcluftHj 

The invention is directed to^an improved elec- 
trical connector which overcomes the limitations noted 
above with respect to prior art devices by providing a 
calculably determinable plurality of selectively propor- 
tioned piercing members effectively disposed on a base 
member and arranged to enter and penetrate an adjacent 
conductor, resulting in an electrical connection there- 
between which is more effective, efficient, secure and 
reliable than that furnished by such prior art devices. 
Each of the piercing members may be formed by either one 
of several suitable methods, such as by lancing, skiving 
or punching a portion of the base member on which said 
piercing members are disposed. Each of said piercing 
members generally comprise a first portion adjacent the 
base member and proportioned to either engage the insu- 
lated portion of an adjacent conductor or bridge the 
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spacing between the base memEe? *nd tne adjacent conduc- 
tor surface in an uninsulated conductor, and a second 
portion substantially colinear with the first portion, 
extending therefrom, and selectively dimensioned to en- 
ter penetrate and' thereafter provide a predetermined 
conductor contact area defined generally by the surfaces 
thereof. The aggregate conductor contact area defined 
by the surfaces of the second portion is proportioned, 
in one embodiment, to at least equal the cross-sectional 
area of the conductor engageable therewith, thus assur- 
ing the" required electrical contact therebetween, the 
depth of penetration of the piercing members being re- 
strictively proportioned, within a predetermined range, 
to prevent mechanical injury to the conductor. In anoth- 
er embodiment, the piercing members are dimensionally 
proportioned to define an aggregate conductor contact 
area at least equal to the area of" the immediately adja- 
cent base member, from which they depend, thus providing 
" a total area of contact with the conductive portion of 
an insulated conductor essentially equivalent to the sur- 
face area of the encompassed conductive portion, the num- 
' ber of piercing members and the depth of penetration be- 
Y ing readily calculable and definable. Various configura- 
tions of the connector may be provided to permit its 
adaptability for use in conjunction with round, flat or 
square conductors of either copper, aluminum or other 
commonly employed conductive materials, each embodiment 
having specifically definable, and predeterminedly pro- 
portionable and arrangeable piercing members to insure 
optimum electrical and mechanical engagement with an as- 
sociated conductor. It is therefore an object of this 
invention to provide an improved electrical connector. 
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FIG. 3 is a perspective view of another* embod- 
iment of* an electrical connector. 

FIG. k is a perspective view of still another 
embodiment of an electrical connector. 

FIG. 5 is a front elevational view of still a 
farther embodiment of an electrical connector. 

FIG. 6 is a perspective view of yet a further 
embodiment of an electrical connector, showing its 
engagement with a substantially square conductor. 

FIG. 7 is a perspective view of still another 
embodiment of an electrical connector, showing its use 
in conjunction with a pair of relatively flat conductors. 

FlG. 8 is a perspective view of a segment of 
the base portion of an electrical connector. 

FIG. 9 is a perspective view of another embod- 
piment of a segment of the base portion of an electrical 
^connector. 

FIG. 10 is a perspective view of a piercing 
ember which may be employed in a connection of the 
ivention. 

FIG. 11 is a perspective view of another 
inbodiment of a piercing member which may be employed 
a connection of the invention. 

FIG. 12 is a perspective view of still another 
embodiment of a piercing member which may be employed 
^ a connection of the invention. 

FIG - *3 is a perspective view of yet another 
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embodiment or a piercing member which may be employed 

V 

in a connection of the invention, 

FIG, Ik is a side elevational view, in section, 
showing the engagement between the piercing members or - 
an electrical connector, and an enclosed insulated 
conductor to form a connection embodying the invention, 

FIG. 15 is a side elevational view, in section, 
of another embodiment of the piercing members of an 
electrical connector constructed showing their 
engagement with an adjacent insulated conductor to 
form a connection embodying the invention. 

FIG. 16 is a side elevational view, in section, 
of the piercing members of a prior art electrical 
connector penetrating the conductive portion of an 
adjacent insulated electrical conductor, 

FIG, 17 is a cross-sectional view of the base 
portion and ajacent piercing members of an electrical 
connector as engaged about a generally round, stranded 
conductor to form a connection embodying the invention. 

Similar elements are given similar reference 
characters in each of the respective drawings. 
DESCRIP TION OF THE PREFERRED EMBODIMENTS s 

Turning now to FIG. 1, there is shown a common- 
ly employed prior art electrical connector 30 comprising 
a conductor engaging portion 32 adjacent one end thereof 
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and a coupling portion 3 4 adjacent the other end. The conductor 
engaging portion 32 of connector 3 0 is selectively contoured to provide 
a diametrically restrictive portion 40 adjacent the coupling portion 34 
arranged to accept the bared end 3 8 of an insulated, generally round 
conductor such as 36. The remaining portion 42 of the conductor en- 
gaging portion 32 is diametrically enlarged to accept a portion of the 
^stripped insulated conductor 36, substantially as shown, thus pro- 
viding a partial strain relief where desired. In the event the insul- 
ation 44 circumjacent the conductive portion 46 of conductor 36 is 
relatively thin, as is generally the case in presently available 
insulated conductors, there is a strong likelihood that a portion of 
the unstripped insulated conductor may inadvertently enter the restrict- 
ive portion 40 of connector 30, thereby preventing proper engagement 
between the conductive portion 46 of conductor 36 and connector 30, 
resulting in an insufficient electrical connection therebetween, as 

is clearly shown In PIG. 1. 

Referring now to PISS: 2,3,4,5,6, and 7, there are shown 
Various embodiments of an electrical connector. These connectors are 
described to show the various manners in which connectors used in the 
connection embodying the invention maybe formed. In one embodiment, 
as illustrated in PIQ. 2, the electrical connector .48 comprises a 
Plurality of piercing members 50 selectively disposed on the generally 
arcuately formed base member 52 of connector 48 and arranged to enter 
and penetrate the conductive portion of a conductor (not shown) engage- 
able therewithin. For illustrative purposes only, connector 48 is shown 
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as having a coupling portion 5* extending from 
and adapted to be secured to a further member ( 




Its base member 52 "%i 
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by means of a stud or similar item inserted through an 
aperture 56 in coupling portion 54. In FIG. 3, there 
is shown an electrical connector 58 having a plurality 
of piercing members 60 selectively disposed on a base 
member 62 and depe-nding inwardly in a manner similar 
to that shown in FIG. 2, but differing, however, in the 
particular arrangement thereof. Piercing members 60 of 
electrical connector 58 are selectively arranged to de- 
fine essentially two longitudinally separated groupings, 
generally as shown, to permit engagement with predeter- 
mined portions of an adjacent conductor receivable with- 
in the conductor coupling portion 64 of connector . 58 . 
Extending from base member 6 2 is a spade-type coupling 
means 66, forming no part of the invention, but merely 
providing a convenient means for coupling connector 58 
to a further member (not shown) where desirable. A 
further modification of an electrical connector 68 con- 
structed in accordance with - the concepts of the inven- 
tion is shown in FIG. 4. Connector 68 comprises a plur- 
ality of piercing members 7 0 selectively disposed on a 
base member 7 2 and arranged to encompass, enter and pen- 
etrate the conductive portions of two or more conductors 
(not shown) , each of which may be insulated or noninsu- 
lated, thereby providing an effective, rigidly secure 
splice-type connection between the conductors. Where it 
is desired to individually couple two or more relatively 
flat conductors, an electrical connector such as 74, as 
shown in FIG. 5, may be advantageously employed. Con- 
nector 74 comprises a serpentine-like base member 76 se- 
lectively formed to define a pair of spaced, conductor 
C receiving apertures 78, 78' generally as shown. Extending 
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-wardiy into each of a, apertures ?8< 78 . ^ 
-embers 80 in generally opposing relat . onsMp ^ 
txvely a rranged to enter and penetrate ^ ^ 
stantially £lat conductor (not shown) 

each of said apertures 7B 7o> *-v. 

P "ures 78, 7 8 , thus permitting the en- 
gagement of connector 74 to each conductor separately 
base member 76 providing the electrical connecting path 

therebetween. in FIG 7 *h A ~ A • 

j.n mc. 7/ there is shown an electrical 

connector 82, similar to. connector 74 of FIG. 5 but ar- 
ranged to provide a splice-type connection between adja- 
cent, substantially fi at conductors such as 84, 84' il- 
lustrated as disposed in generally overlapping relation- 
ship within the base member 86 of connector 32 and di- 
rectly adjacent a pi urality of selectively proportioned 
Piercing members 88 depending inwardly from base member 
86, and disposed in a prearranged manner thereon. con- 
nector 48 of FIG. 2 may be modified to provide a connec- -' 
tor such as 88, as shown in FIG. 6 , to provide an elec _ 
trical connection between a substantially sguare conduc- 
tor such as 90, and said connector aa a ~ • 

wnnector 88. A portion of the 

base »=^r 92 of connector 88 has been cut away in PIG . 

6 to illustrate the relative position of a few of a piur- 
ality of selectiveiy proportioned piercing members 94 
disposed thereon and arranged to enter and engage the 
conductive portion of conductor 90. ln each of the em- 
bodiments described above with respect to FXGS. 2,3, 
4. 5, 6 and 7, a connection between the connector and an < 
adjacent conductor is geWaHy accomplished by urging 
the base member of the connector tightly against the ad- 
jacent surface of the conductor with sufficient force 
to advance the piercing members of the connector into 
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intimate engagement with the conductive portion of the 
associated conductor, each piercing member being selec- 
tively proportioned to penetrate the conductor a prede- 
termined depth, as is more fully described below. 

Referring now to FIG. 8/ there is shown a plur- 
ality of selectively proportioned piercing members 96 
disposed in prearranged order adjacent a portion of a 
base member 98 according to the concept of the invention. 
As illustrated, the piercing members are arranged in a 
generally regular diamond pattern, providing a predeter- 
minable series of alternating piercing and non-piercing 
areas adapted" to afford the required electrical and mech- 
anical engagement with an adjacent conductor (not shown) . 
The arrangement of piercing members 96 shown in FIG. 8 
may be modified to define a pattern similar to that shown 
in FIG. 9, wherein -said piercing members 96 are disposed 
on a portion of a base member 100 in generally spaced, 
parallel rows in oblique angular relationship with the 
longitudinal axis thereof. It should be understood that 
although only two patterns are shown, it is not intended 
that the invention be limited thereby, various other pat- 
terns and arrangements of selectively proportioned pierc- 
ing members such as 96 being appropriately disposable on 
an associated adjacent base member to effect the required 
electrical and mechanical engagement with an adjacent 
conductor without departing from the spirit, and accord- 
ing to ,the teaching, of the invention. 

Turning now to FIG. 10, there is shown a selec- 

tively proportioned piercing member -102 of an electrical 

wkiciv mCUj be teesfm & Connective XL+*\botiLyin§ 
connec tory^ oonotruotod in accordance with tho c o ng Q pts df 

the invention. Piercing member 102 is formed by lancing 
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a portion of the base member 104 as at 106 and deflect- 
ing the lanced portion outwardly generally normal to the 
Plane thereof. Alternatively, as may be better seen in 
FIG. 11, a plurality of upstanding piercing' members such 
as 108 may be formed in nest-like fashion about a gener- 
ally centrally lanced portion 110 of base member 112. 
Further, each piercing member may be formed as by skiv- 
ing or the like, as is clearly shown in FIG . 12, wherein 
a portion of base member 114 has been skived to form a 
multi-faced piercing member 116, thereby desirably in- 
creasing the conductor contact area per member. where 
desirable and convenient, a portion of the base member 
118, as shown in FIG. 13, may be partially deformed to 
define an upstanding, generally conical piercing member 
such as 120. It should be understood that although the 
specific shape of the piercing member is relatively un- * 
important, and may assume any one' of the conf igurations 
shown, or any other desired shape, each is selectively 
proportioned, according to the concepts of the invention,' 
to provide a predetermined depth of penetration and a 
calculably determinable aggregate conductor contact area 
relative to the particular dimensions and configurations 
of an adjacent conductor engageable therewith. 

Turning now to FIGS. 14, 15 and 17, there are 
shown various embodiments of an electrical connector con- 
structed in accordance with the concepts of the invention, 
in FIG. 14, electrical connector 121 comprises a prede- 
termined number of piercing members 122 depending from a 
base portion 124 gene>ally normal to the plane thereof, 
said piercing members 122 being shown embedded within the " 
adjacent conductive portion 126 of an insulated conductor . 
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128. Each selectively proportioned piercing member com- 
prises a first portion 130 adjacent the base member 124, 
and engageable with an immediately adjacent insulating 
portion 132 of conductor 128, and a second portion 134 
adjacent the first portion 130 and extending therefrom, 
said second portion 134 being arranged to enter and pen- 
etrate the conductive portion 126 of conductor 128 within 
the range of five per cent to fifty per cent of the mini- 
mum cross-sectional dimension thereof. The surfaces de- 
fining each of the second portions 134 comprise a conduc- 
tor contact area dimensionally proportioned with respect 
to the predetermined number of piercing members 122, to 
provide an aggregate conductor contact area at least 
equal to, in one embodiment, the cross-sectional area of 
the conductive portion 126 of conductor 128. Thus, the 
number of piercing members required to provide a superior 
electrical connection between connector 121 and conductor 
128 may be readily determined, in one embodiment, by div- 
iding the total cross-sectional area of the conductive 
portion 126 of conductor 128 by the conductor contact 
area per piercing member. Alternatively, where the num- 
ber of effective piercing members is known, the depth of 
penetration within the above specified range required to 
effect a proper electrical connection to the adjacent 
conductor may be conveniently determined from the above 
mentioned relationships of conductor contact area to 
conductor cross-sectional area. Additionally, in many 
instances certain mechanical considerations may dictate 
the minimum length of the conductor over which the con- 
nector may be satisfactorily engaged, to avoid undue 
stress or likelihood of fracture in the conductor, while 
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the depth of penetration of each of the piercing members 
14 2 may be proportionately greater than that required 
where the engaging length is somewhat longer, as is 
shown, for example, in FIG. 14. However, where it is 
desired to maintain a relatively shallow depth of pen- 
etration, to avoid the possibility of undue stress or 
deformation of the adjacent conductor, the number of 
piercing members may be proportionately increased to 
account for the diminished conductor contact area per 
piercing member resulting generally from the decreased 
length thereof. For example, and specifically with 
reference to FIG. 17, the piercing members 144 of. an 
electrical connector 146 constructed in accordance with 
the concepts of the invention, are shown engaged within 
the conductive portion 148 of a stranded insulated con- 
ductor 150. Generally, such engagement is attended by 
an inconsequential severing of a portion of the strands 
of conductor 150 immediately adjacent each of the pierc- 
ing members 144, since any severed strands are effective- 
ly displaced by the electrically conductive material of 
the adjacent piercing member second portions, indicated 
generally at 152. Should too large a number of strands 
be severed, as for example where the depth of penetration 
of piercing members 144 exceeds fifty per cent of the 
diameter of the conductive portion 148 of stranded con- 
ductor 150, severe mechanical damage to the conductor 150 
may result wherein the conductive portion 148 may fracture 
and split, as may be more clearly seen in FIG. 16, where 
there is shown a plurality of piercing members 153 extend- 
ing from the base portion 154 of an electrical connector 
156 and penetrating the conductive portion 158 of a stranded 
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conductor 160 to a depth in excesa of fifty per cent of 
the diameter thereof. it is readily apparent that should 
conductor 160 undergo a fracture su»'h as indicated at 162, 
the portion of conductor 160 to tlu* right of FIG. 16 may 
be parted from the remaining portivM\ adjacent connector 
156, resulting in a complete failui** of the connection. 

It should be understood that in each case where 
there has been shown an insulated v-.'»Juctor usable in 
conjunction with an electrical comw»'tor constructed in 
accordance with the concepts of the invention, the connec- 
tor is equally effective in provide sw an electrical con- 
nection to an" uninsulated conductor, in a similar manner , 
it being necessary merely to calcuUMy determine the 
proportions of the piercing members or the connector to 
provide the required penetration arst Aggregate conductor 
contact area according to the principles disclosed here- 
in. It should also be understood thAt the connector is 
readily adaptable for use in conjunction with aluminum 
conductors or any of the commonly enjoyed alloys there- 
of, the piercing members being equally as effective in 
penetrating the naturally occurring oxide coating gener- 
ally disposed on the surface thereof, *nd engaging the 
conductive portion therewithin. 

Where desired, the aggregat* conductor contact 
area defined by the piercing member **?cmd portions may 
be proportioned to at least equal th* surface area of the 
adjacent base member portion encompassing said piercing 
members. For example, in FIG. 9 the $*cface area of the 
base member 100 immediately adjacent forcing members 96 
may be defined by the product of the Uagth L and the 
width W thereof. it should be readily apparent that the 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS - 
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comprising a predetermined conductor contact area, the aggregate con 
ductcr contact area or aaid plurality or ^"gate oon- 

e,ual to th. Plurality of aecond portion, being at least : 

e,ual the cross-eeotional area or aaid conductor engaged therewith. 

pierci ~ tl0 ° " de " ned 10 Clal - 1 -ch or aaid 
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at leaat one or which la generally arcuate. 
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3 . The connection as defined in Claim 2 wherein said base member 

is formed for disposition about a substantially round conductor, and 
wherein at least one of said piercing member second portion surfaces 
Is generally planar. 

l|, The connection is defined in Claim 2, wherein said base 

member is formed for disposition about a substantially square conductor, 
and wherein at least one of said piercing member second portion surfaces 
is generally planar. 

5 . The connection as defined in Claim 2, wherein said base 
member is formed for disposition about a substantially flat conductor, 
and wherein at least one of said piercing member second portion surfaces 
is generally planar. 

6. An electrical connection of the type having a base member 
disposed in contact with a conductor having a conductive portion; the 
improvement comprising: a predetermined number of piercing members 
disposed on at least a portion of said base member and positioned 
adjacent the surface of said conductor; each of said piercing members 
having a first portion and a second portion, said first portion being 
disposed adjacent said base member and having a predetermined length 
selectively proportioned to permit it to bridge the space between the 
surface of said base member and the surface of said conductive portion 
adjacent thereto, said second portion being aligned substantially 
colinear with • 
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said first portion, extending therefrom, and having* a 
predetermined length calculably selected to permit it 
to enter and penetrate saidA eonductor a predetermined 
depth in the range of from five per cent to fifty per 
cent of the minimum cross-sectional dimension thereof, 
said second portion being further defined by at least 
one surface comprising a predetermined conductor contact 
area, the aggregate conductor contact area of said 
plurality of second portions being at least equal to the 
surface area of said base portion encompassed by said 
piercing members. 

7. The connection as defined in Claim 6, wherein 
said second portion of each of said piercing members is 
defined by at least two surfaces, at least one of which 
is generally arcuate. 

8. The connection as defined in Claim 6, wherein at 
least one of said piercing members second portion 
surfaces is generally planar. 

9» An insulation and oxide piercing electrical 

connection of the type having a base member disposed 
in contact with an insulated conductor, the improvement 
comprising: a plurality of insulation piercing members 
disposed on at least a portion of said base member and 
positioned adjacent the insulation of an insulated 
conductor, each of said insulation piercing members having 
a first portion and a second portion, said first portion 
being disposed adjacent said base member and having a 
predetermined length selectively proportioned to permit 
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it to enter the insulation* oY^said insulated conductor 
adjacent thereto, said second portion being aligned 
substantially colinear with said first portion, extending 
therefrom, and having a predetermined length calculably 
selected to permit it to enter and penetrate the 
conductive portion of said insulated conductor a 
predetermined depth in the range of from five per cent to 
fifty per cent of the minimum cross-sectional dimension 
thereof, said second portion being further defined by 
at least one surface comprising a predetermined conductor 
conta_ct area, the aggregate conductor contact area of 
said plurality of second portions being at least equal 
to the cross-sectional area of said conductor engaged 
therewith. 

10. The connection as defined in Claim 9t wherein 
each of said insulation piercing member second portions 

is defined by at least two surfaces, .at least one of which 
is generally arcuate • 

11. The connection as defined in Claim lO , wherein 
said base member is formed for disposition about a 
substantially round insulated conductor, and wherein at 
least one of said piercing member second portion surfaces 
is generally planar. 

12. The connection, as defined in Claim 10, wherein 
said base member is formed for disposition about a 
substantially square insulated conductor, and wherein 
at least one of said piercing member second portion 
surfaces is generally planar. 
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